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Introduction 
The perceived effect of no-tillage on soil temperature, soil moisture conditions, soil compaction, 
soil productivity, and nitrogen movement and availability has become a major concern among 
producers considering adopting this tillage system. No-tillage presents a unique challenge in 
poorly drained soils, in which certain surface soil properties are affected due to the absence of 
tillage as a corrective measure. Effective tillage systems create an ideal seedbed condition (i.e., 
soil moisture, temperature, and penetration resistance) for plant emergence, plant development, 
and unimpeded root growth. However, the integration of tillage and nitrogen (N) management 
(i.e., type of tillage system, timing of tillage system, timing of N application, and N rate) also 
presents significant challenges for producing corn, sustaining soil productivity, and improving 
water quality 
Soil moisture and soil temperature conditions in the seedbed zone (top 6 inches) can promote or 
delay seed germination and plant emergence (Kaspar et al., 1990; Schneider and Gupta, 1985). 
Therefore, healthy plant growth and development require soil conditions that have adequate soil 
moisture and minimal root penetration resistance (Phillips and Kirkham, 1962). Soil temperature 
can be affected by surface residue cover, causing cooler surface soil temperature and slower 
soil drying in the spring (Fortin, 1993; Kaspar et al., 1990) in spite ofreducing soil erosion 
and surface runoff (Cruse et al. , 2001). Removal of residue from the row can reduce in-row soil 
moisture content in the seedbed, while conserving interrow soil moisture. Unlike soil moisture, 
soil temperature has an inverse relationship with the amount of residue cover. 
Soil porosity, structure, and strength are impacted by excessive soil compaction and are often 
differentiated by penetration resistance (Croissant et al., 1991; Voorhees, 1983). Penetration 
resistance is a common measure of soil strength, where increased penetration resistance restricts 
root growth (Singh et al., 1992; Taylor and Ratliff, 1969; Voorhees et al., 1975). Therefore, 
a reduction of crop growth and yield is attributed to penetration resistance (Croissant et al., 
1991; Phillips and Kirkham, 1962). Therefore, quantifying the effects of tillage systems on soil 
moisture, soil temperature, and compaction can help explain some of the differences in plant 
growth and development in different tillage systems. 
The susceptibility of N to leaching, denitrification, volatilization, and immobilization is highly 
related to the timing of N application, which can increase due to fall N application compared 
with spring application (Dinnes et al., 2002). Fall N application can lead to significant N losses, 
rendering it less effective for plant uptake. Delaying N application until spring can reduce N03-N 
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losses due to leaching and surface water runoff (Carefoot andjanzen, 1997; Malhi and Nyborg, 
1983). The timing of N fertilizer application is one of many causes of nutrient losses into the 
nation's lakes and streams (Gast et al., 1978; Power and Schepers, 1989), hypoxia in the Gulf of 
Mexico (Dinnes et al., 2002), and adverse health effects such as methemoglobinemia (Fletcher, 
1991; Keeney and Follett, 1991). 
Tillage systems have a significant effect on N dynamics by affecting N pools in the soil system. 
Soil disturbance during the tillage process and the incorporation of surface residue increases 
soil aeration, which can increase the rate of residue decomposition (McCarthy et al., 1995). 
This process impacts soil organic N mineralization whereby readily available N for plant use is 
increased (Dinnes et al., 2002). Therefore, the type of tillage system and N fertilization timing 
can influence the amount of N available for loss in the soil profile. Deep accumulation of N03-
N in the soil profile represents a potential for N03-N leaching into shallow water tables (Keeney 
and Follett, 1991). 
Strip-tillage or zone-tillage has the potential of creating ideal planting conditions by combining 
the benefits of conventional tillage and no-tillage by disturbing the row and leaving the interrow 
with complete residue cover (Vyn and Raimbault, 1993). This unique characteristic of leaving 
the interrow residue in place, while disturbing a narrow zone 6 to 12 inches in width by 6 to 12 
inches in depth has attracted the attention of many producers during the last decade who have 
experienced difficulties with no-tillage. Strip-tillage also offers an opportunity to apply nutrients 
and prepare a seedbed in one tillage operation. This tillage system may provide a potential 
solution to some of the nutrient and water quality problems associated with conventional tillage 
and to a certain extent with no-tillage, namely, nutrient use efficiency, surface water runoff, and 
deep N03-N leaching. 
Objectives 
Strip-tillage has the potential to increase soil temperatures in-row while using interrow residue 
cover to conserve soil moisture for plant growth and development. There is limited research on 
how strip-tillage affects soil moisture, soil temperature, and penetration resistance. The objectives 
of this study were to 1) evaluate corn response and N dynamics to strip-tillage and other tillage 
systems and 2) evaluate the effect of strip-tillage and other tillage systems on soil temperature, 
moisture, and compaction. 
Approach 
The study started in 2000 with the fall tillage treatments. In the spring of 2001 the rest of the 
tillage treatments were implemented. The study was conducted on the Agronomy Research 
Farm near Ames, Iowa and at the Northeast Iowa Research Farm near Nashua, Iowa. These two 
locations were chosen based on soil and landscape differences. Each tillage treatment was under 
corn and soybeans in a randomized complete block design. These two crops were rotated the 
following year. The tillage treatments are as follows: 
• Fall strip-tillage with fall application of nitrogen (FST-FF). 
• Fall strip-tillage with spring application of nitrogen (FST-SF). 
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• Spring strip-tillage with spring application of nitrogen (SST-SF). 
• No-tillage with fall application of nitrogen (NT-FF). 
• Chisel plow with fall application of nitrogen (FCP-FF). 
For all tillage treatments, N was injected at a rate of 150 pounds of N per acre in the row zone, 
resulting in minimal soil and residue disturbance. The N applicator used on the no-tillage plots 
caused minimum soil and residue disturbance. Soil samples were taken in fall 2000 for each site 
before tillage or N application was implemented. For each subsequent year (2001 and 2002), 
soil samples were taken immediately after harvest. Soil samples were analyzed for total N (for the 
0-6-in depth) and for N03-N (for the 0-48-in soil depth increments). Water leachate samples 
were collected from suction lysimeters to measure N03-N movement 24 hours after rain events. 
Soil temperature was recorded from the beginning of April until the end of May and weekly 
soil moisture measurements were taken for the soil profile down to four feet. Soil penetration 
resistance was determined in May, June , and July each year. Corn grain yield and grain N uptake 
was determined when the corn reached physiological maturity. 
Results and Discussion 
Yield Response and Grain N Uptake 
• Tillage systems and timing of N application did not have a significant effect on corn grain 
yield at Ames in 2001 and 2002 or at Nashua in 2001. However, at Nashua in 2002, 
FCP-FF and FST-FF had a significantly greater corn grain yield than the other three tillage 
and nitrogen timing treatments. (Table 1) 
• Grain N uptake was identical regardless of tillage system or timing of N application at 
Ames in 2001 and 2002 and at Nashua in 2001, whereas in 2002 at Nashua, NT-FF 
had a significantly less grain N uptake than the other four tillage and nitrogen timing 
treatments. (Table 1). 
Soil N03-N in the Root Zone 
• At the Ames site, differences in residual soil N03-N buildup between treatments was only 
significant at the soil surface after 2 years of management, where FST-FF was greater than 
that of NT-FF (Fig. 1) 
• At the Nashua site, residual soil N03-N was significantly different in the top 0 to 24-inch 
soil depth, where soil N03-N content under FST-FF was significantly greater than under 
NT-FF (Fig. 1) 
• At the Ames site in 2001, the soil N03-N content of all treatments was similar at all depth 
intervals except for at the soil surface. In contrast, soil N03-N content differed among the 
treatments at all depths in 2002. (Table 1) 
• At the Nashua site in 2001, significant differences in soil N03-N content were observed 
among treatments in the upper to middle of the soil profile. In 2002 however, the N03-N 
content differed significantly at in the lower portion of the soil profile. (Table 2) 
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Soil N03-N Movement in the Root Zone 
• At the Ames site in 2001, leachate N03-N concentrations showed little change 
throughout the growing season, whereas in 2002 the N0 3-N concentration decreased 
significantly after 20th of May, when rain events were very limited. (Fig. 2) 
• At the Nashua site in 2001, there were no significant differences between all treatments' 
leachate N03-N concentrations during all sampling periods. In 2002, leachate N03-N 
concentration under FST-FF was significantly greater than that of the NT-FF treatment at 
the rain events on the 30th of May and 20th of June. (Fig. 2) 
Soil Temperature 
• Generally, soil temperature was not affected by any particular tillage system in the early 
hours of the day for either location. However, when maximum air temperature was 
reached strip-tillage and chisel plow tillage systems were at a higher soil temperature than 
no-tillage. (Fig. 3) 
Soil Moisture 
• At the Ames site in 2001, soil moisture profiles show that the post emergence soil 
moisture content was significantly different at the 24-in soil depth in 2001. However, 
at the tasseling and pre-harvest growth stages the soil moisture content under all tillage 
systems was not significantly different at any depth. (Fig. 3) 
• At the Nashua site in 2001 , soil moisture under NT was consistently lower than under 
the STand CP at the post emergence, tasseling, and pre-harvest periods, whereas STand 
CP did not result in any significant soil moisture differences. (Fig. 4) 
• Conversely, soil moisture at both locations in 2002 generally was not significantly 
different for all tillage systems at any depth or recording period. 
Soil Penetration Resistance 
• In both years at Ames, during the May and june periods at the 0- to 4-in soil depth, 
ST penetration resistance was similar to that of NT and both had a significantly greater 
penetration resistance than CP During the july, the penetration resistance tended to 
generally increase with depth and the penetration resistance of ST and CP was lower than 
that of NT at the Ames site for both years. (Fig. 5) 
• At Nashua during May and june of 2001, penetration resistance for the top 8-in soil 
depth was similar for both ST and CP, but significantly less than that of NT. However, in 
july the penetration resistance was significantly less for CP than that of ST or NT. (Fig. 6) 
• In 2002, at the Nashua site, STand NT had similar penetration resistance, which was 
significantly greater than that of CP in May and june, but in july ST resulted in similar 
penetration resistance to that of CP (Fig. 6) 
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Summary 
• Strip-tillage had no significant impact on increasing corn yields compared with other 
tillage systems in this study in three of four site years. However, one site year, fall strip-
tillage with fall N fertilizer was very comparable with fall chisel plow; both generally 
produced greater yields than no-tillage and the other strip-tillage treatments. 
• Grain N uptake was not significantly improved by using strip-tillage over no-tillage and 
fall chisel plow in three of four site years. 
• Residual soil N03-N in the root zone varies from year to year, depending on climatic 
conditions. However, no-tillage and strip-tillage trends indicated a lower residual soil 
N03-N buildup than chisel plow at the top 48-in soil depth after 2 years. Spring strip-
tillage and N application had a relatively insignificant effect on residual soil N03-N 
buildup. 
• The leachate N03-N concentration decreased as the growing season progressed due to 
a decrease in the amount of rainfall late in the season and a lower potential of N03-N 
leaching. However, leachate N03-N was not affected by tillage system. 
• The effect of strip-tillage on soil temperature was more pronounced at the time of the 
day when air temperature reached its maximum. In general, the hourly soil temperature 
trends indicated strip-tillage and chisel plow respond more quickly to air temperature 
than no-tillage. 
• No significant difference in soil moisture content between all tillage systems for any 
depth, but generally strip-tillage shows greater soil moisture content than chisel plow and 
similar to no-tillage at the lower soil depths. 
• Penetration resistance of strip-tillage was often comparable with no-tillage, but greater 
than chisel plow at the upper depths (0 to 8 in) of the soil profile. At lower depths of the 
soil profile, strip-tillage generally resulted in decrease in penetration resistance compared 
with chisel plow and no-tillage. 
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Table l. Tillage and N fertilizer timing effects on corn grain yield and grain N uptake in 2001 
and 2002. 
Corn Yield Grain N Uptake 
Ames Nashua Ames Nashua 
Treatment 2001 2002 2001 2002 2001 2002 2001 2002 
- -- -- - bu ac - I - - - - - - lb ac -I ------ ------
FST-FF 18l.3a 225.8a 22l.Oa 238.5a ll6.0a 146.8a 144.1a 155.2a 
FST-SF 178.1a 219.4a 2l3 .1a 2l3.1b 12l.Oa 143.4a l28.4a 159.3a 
SST-SF 179.7a 233.7a 2ll.5a 2ll.5b 125.8a 153.9a l3l.8a 165.2a 
FCP-FF 192.4a 238.9a 2ll.5a 236.9a 139.5a 14l.8a 142.7a 154.8a 
NT-FF 182.9a 224.2a 230.6a 208.3b l26.9a 14l.1a l3l.4a l3l.1b 
Means within the same column followed by the same letter are not significantly different 
according to a protected Fisher's LSDcoosJ 
Table 2. After harvest total residual soil N03-N in the top 48-in soil depth for 2000, 2001, and 
2002 growing seasons. 
Ames Nashuat 
Treatment 2000 2001 2002 2000 2001 2002 
- - - - - - - - - - - - lb ac -1 - - - - - - - - - - - -
FST-FF 30.1a 12.3a 38.9ab 18.7a 97.20a 90.9ab 
FST-SF 22.5a 20.2a 33.1b 21.2a 68.7b 
SST-SF 26.9a 28.7a 39.2ab 25.3a 123.2a 
FCP-FF 26.9a 25.4a 53.9a 20.1a 139.4a ll3.3a 
NT-FF 29.0a 27.0a 24.4b 37.7a 108.0a 48.3b 
t Soil N03-N data for treatments FST-SF of 2001 and FST-SF and SST-SF of 2002 at Nashua 
site was not collected due to N over-application on these plots. 
Means within the same column followed by the same letter are not significantly different 
according to a protected Fisher's LSDcoosJ· 
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2002. Post emergence, tasseling, and preharvest measurements 
were taken on 28 June, 12 July, and 22 August 2001 and on 30 
May, 16 July, and 20 August 2002, respectively. The least 
significant differences are according to Fisher' s LSDco.os) test. 
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Figure 5. Penetration resistance for the soil profile at the Ames 
site in 2001 and 2002. The actual recording periods were 15 
May, 12 June, and 10 July 2001 and 14 May, 17 June, and 9 
July 2002, respectively. The least significant differences are 
according to Fisher's LSD(o.os) test. 
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Figure 6. Penetration resistance for the soil profile at the 
Nashua site in 2001 and 2002. The actual recording periods 
were 18 May, 15 June, and 12 July of2001 and 13 May, 18 
June, 16 July of 2002, respectively. The least significant 
differences are according to Fisher's LSD(o.os) test. 
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